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IMPROVED ROUTABILITY FOR MEMORY DEVICES 
BACKGROUND OF THE INVENTION 

5 

The present invention relates in general to a memory system, and in particular to 
a memory system having improved routability. 

A memory module is a memory device used by modern computer systems to 
Sto provide a system memory or workspace for processors to execute programs. The 
system memory is in essence, a staging area between a large fixed storage medium 

P such as a hard drive, and the central processing unit. Data and programs are loaded 

yj 

M into and out of the system memory as needed by the computer. 
01 

H 

^,5 The demands for more memory and greater access speed are continually 

M increasing in modern computer systems. However, the basic motherboard architecture, 
jy, among other factors, limits the number of memory slots in which memory modules may 
p be placed. The memory manufacturer is thus faced with the challenge of providing 

greater capacity and speed on each memory module. Surface mount technology 
20 (SMT) and double sided surface mount technology have allowed memory 

manufacturers to increase the number of integrated circuit chips placed on each 
memory module. However, the number of lead traces on the memory module required 
to interconnect the chips increases as the number of integrated circuit chips increase. 
Additionally, increasing the storage capacity of each memory chip requires additional 
25 external pin connections per memory chip to account for the additional data and 

address bus widths. These increases further add to the number of lead traces required 
on a memory module. As circuit speed increases, the distributed capacitance and 
inductance over the length of each lead trace on a memory module causes it to act like 
a transmission line. Further, crosstalk may become a limiting factor to memory 
30 performance due to mutual inductance or capacitance, and can cause a loss of signal 
strength in the active line. 
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SUMMARY OF THE INVENTION 

The present invention overcomes the disadvantages of previously known 
5 memory systems for computers by providing a memory module configuration where 
memory chips are placed on both the front side and back side of a substrate defining 
the memory module. The chips on the back side of the module are preferably placed 
directly behind the chips on the front side of the memory module, and certain pins from 
the top and bottom chips are connected by vias. For example, the chips on the 
% memory module are constructed such that internal assignments for like functions are 

routed to external pins in a bilaterally symmetrical arrangement. The bilateral symmetry 
y can be applied to any of the memory chip functions, including the address bus and the 
™ command bus. A remap multiplexer is used to ensure that the correct logical data is 
^ placed on the proper physical bus line. The remap multiplexer may be implemented 
as through any combination of hardware or software, and may be integrated into the 

system BIOS, the memory controller, or the memory chips. The remap multiplexer may 
jf also be implemented as an element between the memory controller and memory chips, 
jM, such as buffer, registers, or switches. 

20 For a more detailed understanding of the nature and advantages of the present 

invention, reference should be made to the following detailed description taken together 
with the accompanying figures. 



25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The following detailed description of the preferred embodiments of the present 
invention can be best understood when read in conjunction with the following drawings, 
where like structure is indicated with like reference numerals, and in which: 
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Fig. 1 is a side view of a memory module according to the present invention, 
illustrating a plurality of memory chips positioned along a major surface of a memory 
module substrate; 

5 Fig. 2 is a top view of the memory module of Fig. 1 ; 

Fig. 3 is a schematic diagram illustrating the physical connections between circuit 
traces on the memory module substrate and corresponding pin assignments of two 
memory chips, where the two memory chips are positioned on opposite sides of the 
memory module; 

o 

y Fig. 4 is a flow diagram illustrating a hierarchy of program execution on a 

!!? computer system according to one embodiment of the present invention where bus 
N assignments are rerouted using the basic input output system program; 

S 5 

^ Fig. 5 is a schematic diagram illustrating the use of multiplexers to build a remap 

M multiplexer according to another embodiment of the present invention; 

G 

m> 

Fig. 6 is a block diagram illustrating the use of the remap multiplexer of Fig. 5 to 
20 reroute bus assignments according to another embodiment of the present invention, 
where the remap multiplexer is positioned between a memory controller and a 
processor; 

Fig. 7 is a block diagram illustrating the use of the remap multiplexer of Fig. 5 to 
25 reroute bus assignments according to another embodiment of the present invention, 
where the remap multiplexer forms a component part of the memory controller; 

Fig. 8 is a block diagram illustrating the use of the remap multiplexer of Fig. 5 to 
reroute bus assignments according to another embodiment of the present invention, 
30 where the remap multiplexer is positioned between a memory controller and one or 
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more memory modules, including where the remap multiplexer is incorporated into the 
output stage of the memory controller, physically positioned between the memory 
controller and memory modules, or resident on each memory module; 

5 Fig. 9 is an schematic diagram illustrating the use of multiplexers to build a 

remap multiplexer according to another embodiment of the present invention, where the 
remap multiplexer is a component part of a memory module having a buffer register, 
the remap multiplexer multiplexing the buffer outputs; 

-£33. 

=|P Fig. 10 is an schematic diagram illustrating the use of multiplexers to build a 

h remap multiplexer according to another embodiment of the present invention, where the 

M* remap multiplexer is a component part of a memory controller having a buffer register, 

01 

m the remap multiplexer multiplexing the buffer inputs; 

Sis Fig. 11 is an illustration of a pin reroute function built into a memory chip where 

P the rerouting function is implemented by a remap multiplexer and controlled by an 
external signal; and, 

Fig. 12 is an illustration of a pin reroute function built into a memory chip where 
20 the rerouting function is implemented by a remap multiplexer and controlled by logic 
internal to the chip. 



25 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description of the preferred embodiments, reference is 
made to the accompanying drawings that form a part hereof, and in which is shown by 
way of illustration, and not by way of limitation, specific preferred embodiments in which 
the invention may be practiced. It is to be understood that other embodiments may be 



4 



Attorney Docket No. MIO 0076 PA 

utilized and that logical, mechanical and electrical changes may be made without 
departing from the spirit and scope of the present invention. 

As shown in Fig. 1, a memory module 100 includes a wireboard substrate 102 
holding a plurality of memory chips 104. The circuit chips 104 may be any type of 
memory device as is known in the art. Further, the memory circuitry can be packaged 
in any circuit package as is known in the art. A plurality of system bus connectors 106 
aligns along one edge of the wireboard substrate 102. Circuit traces 108 couple the 
system bus connectors 106 to corresponding pins 1 10 of each of the memory chips 
104. Each memory chip 104 is shown in Fig. 1 as having only four pins 1 10 for 
simplicity, however any number of pins 110 may be provided, and will depend upon the 
size and type of memory chip used. Each of the pins 1 1 0 of memory chip 1 04 has a 
particular pin assignment that corresponds to an internal processing function. The pin 
assignments are internal to the chip and represent coupling the circuitry of the memory 
chip to external contacts. The pin assignment represents the type of data the internal 
memory circuit is expecting on the external pin connections. For example, pins 110 
may have pin assignments that correspond to a particular bit position of an address or 
data I/O bus internal to the chip. Alternatively, the pins 110 may correspond to pin 
assignments for routing external control signals to corresponding internal control 
functions of the memory chip 104. The pins 110 may also provide power, ground or 
alternatively have no internal pin assignment. 

The number of memory chips 1 04 on a memory module 1 00, and the number of 
pins 110 per memory chip 104 can be limiting factors because of problems associated 
with increased density of circuit traces 108, and the limited space available for system 
bus connectors 106. Further, capacitance and inductance effects along each trace 108 
may detriment the overall performance of the memory module 100. Reducing the 
density of circuit traces 108 may reduce capacitive and inductive effects, as well as 
minimize problems such as crosstalk, excessive power consumption and other adverse 
performance characteristics. 
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Referring to Fig. 2, the memory module 100 is seen from a view along the top 
edge of the wireboard substrate 102. The wireboard substrate 102 has a first major 
surface 112 and a second major surface 1 14. The memory chips on the first major 
s surface 1 12 are designated 104A and the memory chips mounted to the second major 
surface 1 14 are designated as 104B. The memory chips 104A positioned on the first 
major surface 112 define a first memory bank 116 (BANK A), and the memory chips 
104B positioned on the second major surface 1 14 define a second memory bank 118 

O (BANK B) ' 

1° 

g The memory chips 104A, 104B may be mounted to the wireboard substrate 102 

^ using surface mount technology or other techniques as are known in the art. Further, it 

Eft should be appreciated that each memory chip 104A, 104B may use any number of 

Ms 

s internal banks, arrays or other configurations to store and retrieve data as is known in 

5^5 the art. Also, to facilitate an understanding of the present invention, and for clarity, the 

M memory chips 104A are shown on the first major surface 112, and the memory chips 

H S 

pa 

q 104B are shown on the second major surface 1 14. However, it shall be appreciated 
^ that the present invention is equally applicable to memory chips including memory 
banks interleaved from side to side as is known in the art. 

20 

Circuit traces 108 (not shown in Fig. 2) are reduced by aligning memory chips 
104A on the first major surface 1 12 in register with, or directly in line with memory chips 
104B on the second major surface 1 14. The memory module 100 further includes a 
plurality of vias 120. Each via is electrically coupled to, and positioned adjacent to a pin 
25 1 10 on the first major surface 112 (best illustrated in Fig. 1). The via 120 further 
couples to a pin 110 on the second major surface 1 14 adjacent to the via 120 and in 
register with the corresponding pin 110 on the first major surface 1 1 2. Such a 
construction minimizes circuit traces 108, and allows routing options that are not 
otherwise possible because the density of circuit traces 108 is reduced. 

30 
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To minimize cost of inventorying and stocking memory chips, the memory 
module 100 is constructed with identical memory chips 104A, 104B on both the first 
major surface 112 and the second major surface 114. The memory chips 104A, 104B 
include pin assignments that are grouped together and internally coupled to pins 110 
5 (not shown in Fig. 2) in a manner so as to be bilaterally symmetrical as explained 
below. 



Referring to Fig. 3, each memory chip 104A, 104B has pin assignments for like 
functions coupled to pins 110 that are arranged bilaterally symmetrical along axis 122. 
go As illustrated in Fig. 3, pins 1 10 are coupled to pin assignments l»(0) to lj(n). The V 
subscript as used herein indicates that the assignment is internal to the memory chip 
104A, 104B. Pin assignments lj(0) to h(n) represent internal assignments for an 
address or command bus as more fully explained herein. Each pin assignment coupled 
to a pin 110 represents a single bit position of a data path consisting of n+1 total bits. 
Qs The memory chips 104A, 104B are coupled to circuit traces 108 carrying information 
l x (0) to l x (n). The circuit traces 108 couple to corresponding bus line assignments via 
the system bus connectors (not shown in Fig. 3). The "x" subscript as used herein 
indicates that the assignment is external to the memory chip 104A, 104B. 



M 



a 



:^\/Fhe pins 1 10 of memory chip 104A couple to the circuit traces 108 in a manner 
ichythat the assignment of the circuit traces 108 external to the pins 110, that is l x (0) 
to l x (n), correspond to the identical internal pin assignment lj(0) to lj(n). That is, l x (0) 
couples to lj(0), l x (1 ) couples to lj(1 ) etc. allrof the way around the chip 1 04A. However, 
because the corresponding chip 104B is connected to the circuit traces 108 on the 
25 reverse side of the wireboard substrate 102 (not shown in Fig. 3), the internal and 

external assignments will not correspond to identical bit positions. Rather, as illustrated 
in Fig. 3, l x (0) couples to lj(n), l x (1) couples to li(n-1) etc. However, because all of the 
pins 110 couple to a like pin assignment function, that is, the signal on each pin 
assignment are all bits of the address or command buses respectively, the correct 
30 information can be received by either memory chip 104A or 104B by rerouting the 
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logical information placed on the physical I inp^r circuit trace 108. In other words, the 
logical information can be moved to a different physical circuit trace 1 08 so that the 
internal pin assignments receive th^rorrect information regardless of whether the 
correct external assignment coj^sponding to a particular circuit trace is used. It shall 
s be noted that for the purpose Df this invention, the address and command pins are 
sufficiently a like that th#y can be interchanged. 

For example, in the memory module shown in Figs. 1-3, a bit of information that 
corresponds to bit position lj(0) is multiplexed to the physical circuit trace 108 that 
*lto corresponds with external assignment l x (0) when accessing memory chip 104A, 
€j however that same bit position lj(0) is multiplexed to the physical circuit trace 108 that 
y corresponds with the external assignment l x (n) when accessing the memory chip 104B: 
Jf This technique allows the exact same memory chip 104A, 104B to be used on either 
H« side of the wireboard substrate, and thus reduces inventory costs and other related 

9 

Q5 concerns. Further, because fewer stubs are required, higher bus speeds are inherently 
^ supported because capacitance and transmission effects are reduced. 

5 It should be appreciated that for each pair of memory chips 104A, 104B aligned 

in register with one another, their internal pin assignments will be mirrored bilaterally. 

20 The vias 120 that connect pins 110 should be used where the pins 1 10 oh the memory 
chips 104A, 104B correspond to the same function. Thus a via 120 may connect non- 
identical pin assignments so long as each pin assignment is from the same function. 
Correspondingly, for the command bus, the pin assignments may consist of signals 
responsible for selecting and controlling each memory chip 104A, 104B. The exact 

25 types of command signals will vary depending upon the memory architecture 

implemented on the memory chip, however, examples of command signals include chip 
select signals RAS, CAS, and write enable WE pin assignments. The pin assignments 
need not align in any specific order sequence. Further, vias 120 need not be used 
where like functions cannot be aligned, or are unnecessary. For example, the power 

30 Vcc and ground Gnd for a memory chips 104A and 104B need not be mirrored where 
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the power and ground are distributed through a layer in the wireboard substrate 102. It 
shall be appreciated that the present invention thus allows for a reduced via count and 
greater trace separation. 

5 Where a via connects pin assignments of similar function but different bit 

position or command function, care must be taken to make sure the correct functions 
are placed on the circuit traces 108 and coupled to the corresponding memory chips 
104A or 104B. Arranging for the correct function to appear on an associated circuit 
trace 108 can be accomplished in any number of ways. By way of illustration, and not 
Oo limitation, a few ways will now be discussed. 

. r-: 
as, 
S.J 

H The BIOS Enabled Memory Reroute: 

J45 Referring to Fig. 4, a computer system 200 includes four memory slots 202. 

^1 Each memory slot 202 is capable of supporting a memory module 216. The memory 

P modules 216 are identical to those memory modules discussed with reference to Figs. 

*f 1-3. The memory slots 202 are connected in parallel to a system bus 204, which also 
interconnects the memory slots 202 to a memory controller 206 and central processing 
20 unit (CPU) 208. It should be observed that the system bus 204 is comprised of a 

plurality of system bus lines, each line carrying one bit of logical data. The number of 
system bus lines, or bus width will depend upon the types of memory used, as well as 
the design and implementation of the CPU 208. Further, the system bus 204 may 
actually comprise several buses including an address bus, a data bus, and/or a 
25 command bus. 

When the computer system 200 boots up, a basic input output system program 
210 (BIOS) is loaded and executed by the CPU 208. The BIOS provides hardware 
level access to devices in the computer system 200, including access to the memory 
30 modules 216 seated in the memory slots 202. The BIOS interacts with the computer 
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operating system 212 and the CPU 208 to store and retrieve information from memory. 
The operating system 212 provides a common interface for user programs 214 to 
access the memory modules 216 without the need to worry about the specifics of the 
BIOS 210, or memory controller 206. Thus, a user program 214 issues a request to the 
s operating system 210, to retrieve or store a piece of information. The operating system 
212 communicates with the BIOS 210 to ensure that the CPU 208 saves or retrieves 
the correct data in the correct address location. The BIOS 210 includes program 
routines to remap the address and command if the assignments of the system bus lines 
do not align in correspondence with the associated internal pin assignments of the 

4|o memory module 100. 

y3 

y For example, a memory module 216 having a first bank (BANK A) and a second 

!f bank (BANK B) is inserted in to each memory slot 202. The second bank has internal 

Cm 

Mi pin assignments that mirror pin assignments of the first bank, such as memory modules 

i|5 described with reference to Figs. 1-3. The operating system 212 passes information to 

^ the BIOS 210. The BIOS 210 instructs the central processing unit 208 to place or 

.U retrieve the information on/from the system bus 204, where the respective bit positions 

■ESS; 

y| of the information are mapped to a first pattern corresponding with pin assignments of 
the memory chips in BANK A, when accessing that memory bank. The same 

20 information is mapped to a second pattern corresponding to pin assignments of the 
memory chips in BANK B when accessing that memory bank. Utilizing the memory 
modules illustrated in Figs. 1-3, if the information is to intended for BANK A, the pin 
assignments already correspond with the assignments placed on the physical system 
bus 204, so the first pattern corresponds with the logical arrangement of the system bus 

25 lines. The BIOS 210 does not need to remap the information. If however, the CPU 208 
is accessing BANK B, then the BIOS 210 maps the information to the second pattern. 
The second pattern may be generated for example, by swapping various bit positions of 
the information. For a memory module described with reference to Figs. 1-3, the 
second pattern may be constructed by swapping the logical values in bit positions l x (0) 

30 with l x (n), l x (1) with l x (n-1) etc. Again the "x" subscript is used to designate information 
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external to the memory chips. After the bit swaps, the value representing the logical bit 
position l x (0) will actually be placed on the physical system bus line l x (n) but will be 
received by the correct internal pin assignment lj(0) of the memory chip. This analysis 
applies whether the information is placed on the system bus 204 corresponds to the 
5 command bus, and/or address bus. 



The Hardware Enabled Memory Reroute: 

ego The reroute of memory information may also be handled by hardware as 

^ illustrated in Fig. 5. A reroute multiplexer 300 is used to transfer a logical signal 
Q appearing on a first physical line, to a separate physical line. This is accomplished 

f 5 3 

2 schematically using one or more multiplexers. The term multiplexer (MUX) as used 
p 1 herein means any hardware, software or combination of hardware and software that is 
?i5 used to select an output from more than one input, or alternatively, to switch an input 
cl between two or more outputs. For example, the MUX may be a transistor switching 
circuit, implemented as a logic device or any other technique for performing the 

SSB3 

O operation. 

20 As shown in Fig. 5, the reroute multiplexer 300 comprises a first multiplexer 302 

having first and second inputs 304, 306, a switching control input 308 and an output 
309. The second multiplexer 310 has first and second inputs 312, 314, a switching 
control input 316 and an output 318. The third multiplexer 320 has first and second 
inputs 322, 324, a control switching input 326 and an output 328. Likewise, the fourth 

25 multiplexer has first and second inputs 332, 334, a switching control input 326 and an 
output 328. A first signal AO couples to the first input 304 of the first multiplexer 302 
and to the second input 314 of the second multiplexer 310. In complementary fashion, 
a second signal A1 couples to the second input 306 of the first multiplexer 302 and to 
the first input 312 of the second multiplexer 310. A third signal A2 couples to the first 

30 input 322 of the third multiplexer 320 and to the second input 324 of the fourth 
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multiplexer 330. In complementary fashion, a fourth input A3 couples to the second 
input 324 of the third multiplexer 320, and to the first input 332 of the fourth multiplexer 
330. A single control signal (S) 340 couples to the switching control inputs 308, 316, 
326 and 336 of all four multiplexers 302, 310, 320 and 330. 

When the control signal (S) 340 is in a first state, each multiplexer is configured 
to pass the first input to the output, thus AO appears across output 309, A1 appears 
across output 318, A2 appears across output 328 and A3 appears across 338. 
However, when the control signal (S) 340 is in a second state, each multiplexer 
switches so that A1 appears across output 309, AO appears across output 318, A3 
appears across output 328 and A2 appears across output 338. It should be 
appreciated that other multiplexing schemes can be used with any degree of 
sophistication. Further, it should be appreciated that any number of multiplexers may 
be used depending upon the number of lines to be multiplexed. Further, this circuit 
may be used to multiplex the address bus, command bus, and/or the data bus. Finally, 
it should be appreciated that this circuit may be placed anywhere in the bus path. 

Referring to Fig. 6, the computer system 400 includes a processor 402 coupled 
to a memory controller 404 and a plurality of memory modules 406 by data bus 408, 
address bus 410 and command bus 412. The computer system 400 further includes a 
remap multiplexer 418 coupled to the address bus 410 and positioned between the 
processor 402 and the memory controller 404. The memory controller 404 controls the 
remap multiplexer 418 via the control signal 420. A remap multiplexer 422 is coupled to 
the command bus and positioned between the processor 402 and the memory 
controller 404. The memory controller 404 controls the remap multiplexer 422 via 
control signal 424. For example, the memory controller may use a remap multiplexer 
controller 426 for controlling the control signals 420 and 424. The remap multiplexer 
controller 426 may be implemented as any circuit, combinational logic, software or 
similar construction. For example, the memory controller 404 usually generates a chip 
select, bank select or other similar control signal for enabling access to a particular 
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memory location. Such a control signal may be utilized to effect control signals 416, 
420, and 424. Other more sophisticated circuits are also possible, and their designs will 
depend upon the memory configuration. It shall be observed that a remap multiplexer 
need not be included on each bus. 

Referring to Figs. 7 and 8, the computer systems are identical to that described 
in Fig. 6, and as such, like reference numerals are used. The only difference is that the 
remap multiplexers 418 and 422 are an integral component of the memory controller 
404 in Fig. 7. For example, the remap multiplexer 418 coupled to the address bus 410, 
may be combined into the memory interface (not shown) or similar logic. The remap 
multiplexers 418 and 422 are positioned between the memory controller 404 and 
memory modules 406 in Fig. 8. It shall be observed that the remap multiplexers 418 
and 422 as shown in Fig. 8 may be incorporated into the output stage of the memory 
U controller 404, may be positioned physically somewhere between the memory controller 
404 and memory modules 406, or may reside on each memory module 406. 

Si 

M, Some memory modules utilize buffers or registers to drive the address and 

hj command buses as is known in the art. As shown in Fig. 9, a memory module 500 

includes an address register or buffer 502. Buffers are known to introduce latency into 
20 the bus, but provide a buffering function to reduce the load seen by the memory 
controller. The address register 502 has sufficient current capabilities to drive the 
memory chips (not shown). Although only four address lines are shown, it should be 
appreciated that any number of address lines may be registered or buffered. Further, 
while described with reference to the address bus, it shall be appreciated that the 
25 command bus may utilize similar registers. 

The circuit implementing the address registers 502 is not limited to the use of an 
array of D flip flops as illustrated in Fig. 9, rather any buffer may be used as is known in 
the art. The memory module 500 includes a remap multiplexer 504. The remap 
30 multiplexer 504 functions identically to that described herein. The memory module 500 
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passes an address on the address bus and generates a bank select signal SO. A clock 
signal latches the bank select signal SO into a remap multiplexer switching control 506, 
and concomitantly latches the address (lines AO, A1, A2, A3) into the address register 
502. While bank select signal SO is a convenient signal to use in this application, other 
logic may be used. Lines AO, A1 , A2, A3 output from the address register 502 are 
inputted into the remap multiplexer 504. Similarly, the latched output of the switching 
control 506 drives the switching control inputs of each multiplexer in the remap 
multiplexer 504. Thus the bank select signal SO is used to toggle the remap multiplexer 
504 between first and second states as described herein. 

Referring to Fig. 10, the memory module 500 is similar to that described in Fig. 9 
except that the lines AO, A1 , A2 and A3 are fed into the remap multiplexer 504 and the 
output lines of the remap multiplexer 504 are latched into the address register 502. 
Although the remap multiplexer 504 is placed before the inputs to the address register 
502, the bank select signal SO is still latched into the switching control 506 and the 
latched output is used to drive the switching control inputs of the remap multiplexer 504. 

The On-Chip Chip Memory Reroute: 

The remap multiplexer described herein and specifically with reference to Fig. 5 
can be implemented within each memory chip installed on the memory module. 
Referring to Fig. 1 1 , a memory chip 600 includes a plurality of contacts 602 for 
connecting external signals l x (0), l x (1) ... I x (n-1) and l x (n) to the internal circuitry of the 
memory chip 600. The internal signals couple through remap multiplexer 604 before 
reaching their respective internal assignments lj(0), lj(1)...lj(n-1 lj(n). The remap 
multiplexer includes a plurality of multiplexers 606, 608, 610 and 612 as illustrated. It 
should be appreciated that the number of remap multiplexers can vary. Two 
multiplexers are used for each pin swap. 
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As illustrated in Fig. 11, physical lines l x (0) and l x (n) couple to bilaterally 
symmetric contacts 602 of the memory chip 600. Physical lines l x (0) and l x (n) are 
coupled to multiplexers 606 and 612 in complementary fashion. The output Y of the 
multiplexer 606 couples to internal assignment lj(0). The logical value appearing on the 
internal assignment lj(0) will be the logical value appearing on physical external line l x (0) 
when the control signal S of multiplexer 606 is in a first state, and the logical value 
appearing on the external line l x (n) when the control signal S of the multiplexer 606 is in 
a second state. Correspondingly, the output Y of the multiplexer 612 couples to internal 
assignment h(n). The logical value appearing on the internal assignment li(n) will be the 
logical value appearing on physical external line l x (n) when the control signal S of 
multiplexer 612 is in a first state, and the logical value appearing on the external line 
l x (0) when the control signal S of the multiplexer 612 is in a second state. The control 
signal S of each multiplexer 606 and 612 is tied to the same source, so the logical value 
appearing on internal assignments lj(0) and lj(n) will come from complementary and 
bilaterally symmetric external lines l x (0) and l x (n). This analysis applies to every pair of 
bilaterally symmetric pin assignments that are routed through the remap multiplexer 
604. 

It shall be observed that the specifics of a particular application will dictate 
whether or not bilaterally symmetric pins must correspond to the same function. For 
example, as illustrated in Fig. 1 1 , it makes no difference whether the external 
assignments correspond to the address or command buses, however the bilaterally 
symmetric pins will generally correspond to the same function. In other words, they 
should each be from the address bus or command bus. It does not matter however, 
what bit positions within a like function are programmable. 

Each of the control signals S of the multiplexers 606, 608, 610 and 612 are 
linked together so that all the multiplexers 606, 608, 610 and 612 are in the same state, 
and may be tied to an external control pin 614. The control pin 614 may be coupled to 
any external signal for programming the states of the multiplexers 606, 608, 610 and 
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612. For example, the control pin 614 may be tied to a controlling device on the 
memory module, or alternatively, the control pin 614 may be tied to the memory 
controller. 

Referring to Fig. 12, the memory chip 600 is identical to that described with 
reference to Fig. 1 1 with the exception that the external control pin 614 of Fig. 1 1 is 
replaced with internal logic 616. The internal logic can be any logic capable of 
performing the switching operation. For example, a circuit built around the chip select 
or equivalent signal can be used. Further, in the case of SDRAM, some synchronous 
DRAM, or other memory technologies that include programmable mode registers 618, 
the internal logic 616 may be incorporated into such programmable mode registers 618. 

For example, at power up, the SDRAM is supplied with an operating voltage of 
Vcc. The operating voltage Vcc typically rises from 0 Volts to about 3 Volts. As Vcc is 
rising, control logic circuitry in the memory device generates a power up pulse. The 
power up pulse is a single shot pulse. The pulse is held high long enough to allow the 
control signal S of each multiplexer defining the remap multiplexer 604 to be latched 
into either the first or second state. While this method works well during a cold boot, or 
power up condition, there are times when the memory circuit is reset by a warm boot. 
When a cold or warm boot occurs, the mode registers 618 may be properly initialized. 
In response to a load mode register command (LMR), a reset pulse (LMR pulse) is 
generated. The LMR command causes an LMR pulse to be generated by a control 
module within the memory chip. During the LMR signal, the various mode registers are 
programmed with data from the address bus as is known in the art. Data loaded into 
one or more bits of the mode registers 618 may be used to control the remap 
multiplexer 614 by supplying a control signal that assigns the remap multiplexer 614 
into either the first or second state. 
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Having described the invention in detail and by reference to preferred 
embodiments thereof, it will be apparent that modifications and variations are possible 
without departing from the scope of the invention defined in the appended claims. 

What is claimed is: 
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